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. AbstractTherelationshipbetweenshaUowseismiclIDitsandQuatemarysealeveIchangesin
SoutheastemBrazilisbasedonboomerprofilesaildcoredataftomtheUbatubaregion,northem
SãoPaulocoast.InFlamengoandPalmasbays,theinterpretationf seismiclinesrevealedthe
occurrenceof foursedimentaryunits,separatedbyregionallycorrelatedreflectors.Theupper
twolIDitscorrespondto LatePleistoceneandHolocenedeposits.Thelowermostsedimentary
unitswerecorrelatedtotheolderQuatemarytransgressiveevents.Thesedeposits,whichhave
notyetbeendescribedforthisarea,canpresent1ybefOlIDdontheRio GrandedoSul coastal
plain.In the BoqueirãoStrait,two erosionaleventsin the sedimentarystratahavebeen
associatedwiththeCananéia(maximumat120,000yr.B.P.)andSantos(maximumat5,100yr.
B.P.)sea-levelriseevents.
. Resumo:A partirderegistrosísmicos,obtidospor"boomer"e dadosdeumtestemunho,foi
estabelecidaumarelaçãoentrelIDidadessísmicasr asevariaçõesrelativasdoníveldomarno
Quatemário,naregiãodeUbatuba,litoralnortedoEstadodeSãoPaulo. A interpretaçãodas
linhassísmicasreveloua ocorrênciade quatrolIDidadesísmicas,associadasa seqüências
sedimentares,separadaspor refletoresísmicosde expressãoregional. As duasunidades
superiorescorrespondema depósitosdo PleistocenoSuperiore Holoceno,e encontram
correspondênciaemoutrasáreasdoplaneta.NaregiãodoBoqueirão,doiseventoserosivosão
associadoscomos últimoseventosde subidado níveldo mar. As unidadesedimentares
inferioresãocorrelacionáveisaeventostransgressivosmaisantigos,quenãohaviamsidoainda
referidosparaaárea.
· Descriptors:Reflectionseismics,Coastalregion,Sea-levelchanges,Ubatuba,SãoPaulo.
· Descritores:Sísmicadereflexão,Regiãocosteira,Variaçõesdoníveldomar,Ubatuba,São
Paulo.
Introduction itsmaximumat approximately120,000yr. BP and
reachedamaximumof 8.0m abovethepresentsea
leveI.Theother,namedSantos,haditsmaximumat
5,100yr.BP andreachedamaximumof 5.0mabove
thepresentsealeveI(Suguio& Martin1978).These
eventswere separatedby a regressiveevent,
correlatedto the Wibm-Wisconsin(maximumat
l8,000-yr. BP), when the sea levei dropped
approximately130metersbelowtheleveIpresenton
the SoutheasternBrazilianmargin(Kowsmann&
Costa,1974;1979).On theSoutheasternBrazilian
In SoutheasternBrazil, at least two
Quaternarysealeveiriseeventscanberecognisedin
thecoastalregion.One,namedCananéia,presented
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coastalplains, despitethe existenceof several
Quatemarysea-levelcurve§,that,arebasedon she1J,.:,..
inidden(tlsambaquistl)atÍa Vermetidaepositions;
especiallyfor the last7;'000years(Suguioet al,
1982;Martin et al, 1985),little informationis
availableontheburieddepositsofcoastalsubmerged
areas. lhis lack of datamakesit difficultto
establishthesedimentaryevolutionmodelsfor the
Quatemary. For this reason,the studyof the
Holocene sedimentarysequencesin enclosed
embaymentsmay providea morereliableset of
informationon the evolutionof the coastalarea
(Mahiques,1992;Silva& BaptistaNeto,1992*).Ina
restrictedareaof thenorthemcoastof SãoPaulo
State,seismicsequencesmayberecognisedthatean
becorrelatedtoreIativesealeveIchange ventsand
interpretedin termsof modelsof Quatemarycoastal
change.
Studyarea
lhe studyareacomprisesFlamengoand
Palmasbays,twosmalJandshallow(0-20m) semi-
enclosedmarineenvironrnents,hatareconnectedby
astrait,35mdeepand500mwide,calledBoqueirão
daIlhaAnchieta(Fig.I).
Precambrianhigh-rankmetamorphicrocks
of theComplexoCosteirounitandgraniticbodies
thatformtheSerradoMarmountainchaindominate
thenortherncoastof SãoPauloState.Betweenthe
projectionsof thecrystallinerocksintotheseathere
are smallQuaternarycoastalplains. Smallrivers
forrn the fluvial systemwith a dendriticto sub-
paralleIdrainagepattem(SICCT,1981).
6' 4' 45-2'
Fig. 1.Locationofthestudyarea(bathymetric!inesin meters),positionof thecorecollectedin
FlamengoBayandseismicsurveygridshowinglocationoffigures2to5.
(*) Silva,M, A M & BaptistaNeto,1.A. 1992.Caracterizaçãod
tômbo10daPraiadeCharitas- EnseadadeJurujuba(Baíade
Guanabara).In:CONGRESSOBRASILEIRO DE GEOLOGIA,
37,SãoPaulo,1992.ResumosExpandidos.SãoPaulo,SBG,
1:96-97.
lhe distributionof thesurfacesedimentsi
determinedbytheshapeandsizeof theembayments
andby therainfallregime.lhe rainfallregimein
particularcontrolstheinputof terrigenoussediments,
leadingto thedepositionofsiltsandvery-finesands,
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richin organicarbon(upto2.5%Corg)andpoorin
calciumcarbonate(commonlylessthan30010CaC03)
(Mahiques,1995).
In FlamengoBay, the sedimentsare
transportedbya clockwisecirculationsystem,which
beginswiththeentranceof oceanicwateralongthe
westernmostpartofthebay'smouth.SW-NE orNE-
SW wave-drivenCUITentvelocitiescan increase
duringthe passagethroughthe BoqueirãoStrait
(Magliocca& Kutner,1965)anddeviatethewater
flow,intheeasternmostpartofthebay.
TheBoqueirãoStraitis oneof theseveral
coastaldepressionspresentonthesoutheasterncoast
of Brazil. TheoriginofBoqueirãoStraitis probably
relatedtotheancientdrainagesystemsthatdeveloped
duringtheupperQuaternarylow sealeveIperiods
(Almeida,1964),associatedto tectonicstructures.
On the otherhandits evolutionmay havebeen
associatedtotheerosionbytidalcurrentsduringthe
SantosealeveIriseevent(Mahiquesetal.,1989*).
The circulationin theBoqueirãoStraitas
wellasthatin PalmasBayis stronglydependenton
waveactionandwind-drivencurrents,which are
determinedby the atmosphericonditionsin the
Southeasternegionof Brazil (Tessler,1988). In
general,the passageof cold ftontsleadsto the
generationof strongSW -NE currentsthatreachup
to 80 cm/secin the Boqueirãoarea. In normal
situations,NE -SW currentsprevailthere.
SeismicSorveyandcoring
Approximately56.8km of seismicprofiles
(Fig.1)werecollectedonboardtheRN. "Albacora"
of the InstitutoOceanográficoof theUniversidade
deSãoPaulo. Theseismicsourcewasa HUNTEC
HydrossondeM2-A, ftomtheInstitutodePesquisas
Tecnológicasdo Estadode SãoPaulo.The sound
sourceutiliseda bandftequencybetween900and
9500Hz (witha peakat 5000Hz) andan energy
outputofabout150joulesperpulse.
Navigationalcontrolwas providedby a
GEOTRON BT-100 Minirangesystem,ftom the
BancodeEquipamentosGeofisicosdoProgramade
Geologia e Geofisica Marinha (BEG-PGGM).
Relativepositionswereobtainedevery2minutes,ata
speedofapproximately3knots.
A 490-emlongvibracorewascollectedftom
theinnerpartof FlamengoBay(Fig. 1),in orderto
obtaindatingmaterialandtoidentifythelithologies
of the uppermostsedimentarycolumn. Mollusc
shells,foundinliving positionweredatedby C14
(*)~iques, M. M; Furtado,V. V. & Tessler,M. G. 1989. Origin
and'evolutionof isolatedepressionsonthecoastalregionof Silo
Paulo and Rio de Janeiro states.In: lNTERNATlONAL
SYMPOSIUM ON GLOBAL CHANGES IN SOUTH
AMERICA DURINGTHE QUATERNARY: PAST-PRESENT-
FUTURE. SãoPaulo,1989.Abstracts.SãoPaulo,ABEQUA-
INQUA, 1:285-288.
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(AMS technique)bytheBetaAnalyticLaboratories
(USA).
Results
Theanalysisof seismicprofilesrevealsthe
existenceof fourunits,separatedbythreeregionally
correlatedreflectors.Figure2 showsa complete
successionofsedimentaryunitsfoundinthearea.
The reflectorRI definesthe uppermost
sequence(Unit VI). It is fairlyflat andit exhibits
conspicuouschangesin internalreflectionpattern,
runningparallelintheouterpartofthebayandbeing
transparentin theinnerpartoIn mostof Boqueirão
areaVI as well as deeperunits are completely
eroded.
The secondunit (Unit V2) overliesan
irregularerosivereflector(R2). Cut-and-fi11,chaotic
structuresand dippinginternalreflectors(Fig. 3)
characterisethebasalpartoftheunit Itstopmostpart
is mainlycharacterisedby transparentandpara11el
reflectionpatterns.In theinnerpartsof thebay,R2
andR3onlaptheacousticbasement.
Reflector R3 separatesthe deepest
sedimentaryunits(U3 andV4) andits non erosive
shapecharacterisesit. Vnit V3 andtheuppermost
sequenceof V4 presentahighvariabilityof internal
reflectionpatterns.
The seismicrecordsof BoqueirãoStrait
(Figs 4 and 5) revealtwo featuresof erosional
truncations.Thefirstfeaturecorrespondstoreflector
R3 thathasa highreflectioncoefficient,andcuts
acrosstwounitsofdeepersedimentaryunits(Fig.4).
ReflectorsRI andR2 aretruncatedby thepresent
surface.Oneimportantcharacteristicrelatedto this
featureis thatthedeepestpomonof theBoqueirão
Straitpresentsa conspicuousdepositionalsequence,
indicatedby a divergentfi11facies. On theother
hand, the flanks of the Boqueirãoare clearly
erosional.
Thewholesedimentarysectionoverliesthe
acousticbasementformedbythegraniticandgneissic
rocks of the ComplexoCosteiro,which is very
irregularandpresentshighrelief.
The core collectedin the inneI'part of
FlamengoBay (Fig. 6) presentsa sharpcontact,
situatedat 360 em depth,which separatesan
uppermostdarkgreysandymudlithofacies,rich in
organiccarbon(up to 20 mg/gorg C), andwith
variableamountsof plant debris and calcium
carbonate,ftomlowermostlightgreyquartzosesand
facies,very poor in organiccarbonand calcium
carbonate. These basal sedimentspresent
bioturbationsa amajorsedimentarystructure.These
structuresare very similar to that describedby
Rodrigueset aI. (1984),as formedby Cal/ichirus
major,whichis averycommoncrustaceanthatlives
intheinter-tidalzoneofsandyshores.
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Fig.2.a)Seismiclineand,b)Interpretationfthecompletesectionofseismicsequencesandreflectors,found
inthenorthwesternrnostpartofFlamengoBay.
A Cl4 datingprovidedanageof74701: 60-
yr. BP for a shellcollectedimmediatelybelowthe
contactbetweenthetwolithofacies.
Discussion
ReflectorRI canbeeasilycorre1atedto the
sharpmud-sandcontactfoundinthecore,whichwas
collectedin thenorthwesternmostpartof Flamengo
Bay. Thelowersequenceobservedin thiscoreis of
quartzosesandystrata,withCa/lichirusmajortubes,
but poor in bioclasticcompounds.Accordingto
Duleba(1993)thissandsequenceis almoststerilein
termsof foraminifercontentandwasinterpretedas
beinga beachdeposit. Theuppersequence,which
correspondsto Vnit VI, is composedof marine
muddy-sandsediments,with variableamountsof
shell fTagmentsandplantdebris,rich in organic
carbon,thatarerepresentativeof the low energy
conditionsthat prevail presentlyin the area.
Foraminiferaldatáshowa progressiveincreaseof
densityanddiversityup to the intermediatepart
of the upper sequence(Duleba,1993),leadingto
a correspondenceof thebasalpartof Vnit VI to
thesubmergencePhaseI describedby Dominguez
& Wanless(1991)intheDoceRivercoastaldeposits.
Thus, sedimentsof Vnit VI correspondto the
holocenicmarinesedimentationf thearea,which
couldhavestartedatapproximately7,500yr.BP.
ReflectorR2 couldbe interpretedas an
erosionalsurfacedevelopedafterthemaximumofthe
CananéiaTransgressionup to the time of the
ma}(ÍmumlatePleistocener gression,whichoccurred
at 18,000yr. B.P. Thus, Vnit V2 probably
correspondsto latePleistocenealluvialandcoastal
plainsedimentsdevelopedduringisotopicstages4to
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Fig. 3. a) Seismicline and,b) Interpretationofthe completesectionof seismicsequencesandreflectors,found
in theeasternmostpartofFlamengoBay.
2 (Inman,1983; Johnson,1983;Ronen, 1983;
Giresse,1989).' .
Units Ul and U2 can be correlated
respectivelythe upperHoloceneand uppermost
PleistÓCelleunitsalreadydescribedworldwide(Saito,
1989;Bodur& Ergin,1992;Marssetetai.,1996).
Aeeordingto the evolutionarymodel,
proposedbySuguio& Martin(1978),forthecoastof
theStateofSãoPaulo,wecaninterpretunitsU3 and
U4 as representingthe Pleistocenesequence
correlatedto theCananéiadepositsor evento older
sequences.R3 couldrepresenteitheran erosional
surfaee,as an abruptchangein the sedimentation
pattern,asforRI.
The analysisof BoqueirãoStraitprofiles
revealsthe occurrenceof two importanterosional
events,indicatedbytheshapeof thepresentbottom
surmceandbyreflectorR3. ThereflectorR3showsa
patternthatis similarto thepresentsurfaeebottom.
Thus, we may assumethatthe bottomdynamie
processesthatwereresponsiblefor thedevelopment
of R3 werethesameasthose,whiehmaintainthe
bottomshapeof theBoqueirãoas it is at present.
Admittingthat the scour of the Boqueirãois
eorrelatedtohighsealeveI,weeanassumethatR3
was.developeduringa highsealeveIperiod,
possiblyeorrelatedto themaximumoftheCananéia
event(ca. 120,000yr. B.P.), whenthe sealeveI
reachedupto8metersabovethepresentsealeveI.
Despitetheir absenceftom the emerged
coastaldeposits,atleastwosedimentaryunitseanbe
identifiedbelowreflectorR3 (U4 andunderlying
deposits)and above the acoustic basement.
AssumingthatU4 correspondsto thetransgressive
depositscorrelatedto theCananéiaevent,we can
associatethe lowermostsedimentarysequencesto
oldertransgressive-regressivedeposits.In theRio
GrandedoSulcoastalpIain(southwardof thestudy
area),two otherPleistocenesedimentarysequences
arefound(Longetai.,1989*),whichwereassociated
withisotopiestages8 and10or6 and8. Thus,we
maycorrelatethelowermostdepositsof thestudy
areatooneofthesesequences.
(*) Long,T.; Tastet,J. P.; Asmus,H. E. & Klingebiel,A. 1989.
Sedimentaryevidencesof coastalevolutiouin southBrazil
during the last 400,000(1)years. In: INTERNATIONAL
SYMPOSIUM ON GLOBAL CHANGES IN SOUfH
AMERICA DURlNG THE QUATERNARY: PAST-PRESENT-
FUfURE. São Paulo, 1989. Abstracts. São Paulo,
ABEQUA/INQUA,1:241-244.
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Fig.4.a)SeismiclineacrossBoqueirãodallhaAnchietaStraitand,b)lnterpretationshowingtruncationof
theuppereflectors.
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Fig. 5. a) Sismic linealongBoqueirãodallha ÂnchietaStraitand,b) Interpretationshowingthetruncation
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Fig.6.Lithologicaldescription,sedimentologicaland14CagedataITomthecorecollectedin the
northwesternpartofFlamengobay.
Theuppermosttwounits(VI andU2)arecorrelated
to theupperHoloceneanduppermostPleistocene
depositsidentifiedworldwide. Part af the upper
sedimentsarecorre1atedtothesubmergencePhaseI,
describedfor Rio Docedeposits.Thedepositionof
Holocenemarinesedimentsin theareastartedca.
7,500yc.BP
ThesequenceofQuaternaryeventsandtheir
eorrelationwith seismiereflectorsand units is
summarizedinTableI.
Conclusions
In thenortherneoastalregionaf SãoPaulo
State,Brazil,four seismieunitseanberecognised.
TableI. SequenceofQuaternaryeventsandtheircorrelationwithseismicretlectorsandunitsidentifiedinthearea.
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REFLECTOR SEISMIC INTERPRETA TION ISOTOPIC AGE INDICATION CORRELATION.
UNIT STAGE
(YEARS B.P.)
Presentsurfare Erosionalinthetlanksof Present Batbimetryand
BoqueirãoStraít, seismíc.
depositíonalinFlamengo
andPalmasbays
U1 Híghstand,shallowmarine 1 From7,500to Seismícandcoredata. Dominguez&
deposits.BasaIsedirnents p'esent Wanless(1991);Saito
correspondtoa (1989);Bodur&
transgressívephase. Ergin(1992);Marsset
eta/.(1996)
RI TransgressiveHolocene Between7,500 Coredata
suRare and5,500
U2 Alluvíaltocoasta1deposits 2,3,4 ca.120,000to Seísmícdata. Saito(1989);Bodur&
(lowstandtotransgressive 7,5000 Ergin(1992);Marsset
deposits) et01.(1996)
R2 Sea-Ievelmaximum Post120,000 Seismícdata Inrnan(1983);
lo-nng(erosive) Johnson(1983);
Gíressei1989)
U3 Shallowmarinetocoastal 5 - 120,000 Suguío& Martín
(CananéiaTransgression) (1978)
toaIJuvíaldePosits.
R3 Transgressiveupper Before120,000 Seismícdata
Pleistocenesurfare
U4 TransJUessived posits Seísmícdata Longet01.(1989)
R4andolder ? ?
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The base of Unit 2, colTespondingto
RetlectorR2,representshesurfacegeneratedduring
thêsea-levelregression,COlTespondingtotheWÜ11n-
Wisconsinglacialevent
Two scourevents,identifiedin theseismic
recordsin theBoqueirãoarea,areassociatedwith
highsealeveIphases,idenÍifiedwiththeCananéia
andSantosealeveIriseevents.
Finally,at leastonesedimentarysequence,
whichcanbecOlTelatedto olderPleistocenevents
thathavenotbeendescribedbeforein thearea,has
beênidentified.
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